found in Mexico and South American countries (Berghofer and Sochoenlechner, 2002) .
Amaranth crops show wide adaptability and good performance under normal conditions and under stress. Grain Amaranths have a high yield potential and could become very useful cereal crops given suffi cient consumer demand. Genetic divergence analysis using D 2 statistics (Mahalanobis, 1936) can be a powerful tool for quantifying the degree of genetic divergence. Minimal information is available regarding the amount of genetic divergence in amaranth grains. Thus, the present investigation was carried out to measure genetic diversity among grain Amaranth, aiming to identify suitable parents for crop improvement by way of hybridization.
Two fi eld experiments were conducted with the following objectives: (i) Experiment I was conducted to evaluate the performance of the 26 accessions of Amaranthus hypochondriacus L. with respect to yield and other related traits, and to assess genetic divergence among them. (ii) Experiment II aimed to study the pattern of F 2 segregation in 25 crosses involving 10 parents, and to determine the respective relationships with genetic diversity of the parents.
Materials and methods
Experiment I had 26 accessions (Table 1) consisting of indigenous and exotic collections. Experiment II had 25 crosses (F 2 s), involving ten accessions, used along with their parents (Table  2) . The experiments were conducted in randomized block designs with three replications during the rabi season (Winter crop, NovemberMarch) [2005] [2006] . In both experiments, each plot consisted of four rows, 3.0 m long, with a spacing of 40 x 15 cm.
Observations in Experiment I were recorded from ten randomly chosen plants in the two middle rows for seven quantitative characteristics (Table 1) . Sample means were used for multivariate analysis (Mahalanobis, 1936) . Group constellations were made following Tocher's method (Rao, 1952) , and canonical analysis was done following Johnson and Wichern (1988) .
In Experiment II, ten randomly chosen competitive plants from the middle rows of the parents and 20 plants from crosses were sampled for recording observations on fi ve traits, i.e., plant grain yield, panicles per plant, infl orescence length, test weight of 1000 grains, and branches per plant (Table 3 ). The variations of individual F 2 s for different characteristics were analyzed in terms of range, variance, and phenotypic and genotypic coeffi cients of variation. The segregation pattern of the crosses was analyzed in terms of the frequency of positive transgressive segregates (FPTS) and the magnitude of transgression. The average positive transgression of a cross was measured as the difference of the mean of the PTS and the better parent mean. The relationship of the parameters of variation for yield in F 2 with parental diversity was measured by D 2 statistics and examined by computing correlation coeffi cients among all parameters of variability. Furthermore, the performances of the 10 top yielding F 2 s were examined in relation to parental diversity, classifi ed as high, medium or low, based on their performance for each of the fi ve traits, including yield.
Results and discussion
The accessions differed signifi cantly with respect to the seven traits (days to fl owering, plant height, infl orescence length, panicles and branches per plant, test weight grain, and yield per plant), indicating substantial variation in the material (Table 1 ). The low level of grain yield per plant ranging from 109.2 to 237.5 g in the AG-23 and AG-67 accessions, respectively, is possibly due to the thermo-and photoperiod sensitivities of the genotypes under the short day conditions that characterize the rabi season. Considering grain yield and its components, such as number of panicles per plant, infl orescence length and test weight, fi ve accessions (AG-67, AG-101, AG-114, AG-21 and EC-338810) were found to be superior with respect to yield. Among these, three accessions, AG-21, AG-67 and AG-114, are grown in India, particularly in Uttar Pradesh state, while AG-101 is cultivated in Mexico (Table 1) .
On the basis of the general means ( ) and standard errors (SE) of each of the seven characteristics, the genotypes were grouped into three categories: high (H) for values more than ( +SE), medium (M) for values ( ±SE), and low (L) for values less than ( -SE). This classifi cation also indicated considerable genetic variability. The D 2 values ranged from 0.00 to 876.45 (Table 4) . Following Tocher's method, the 26 accessions were grouped into eleven clusters (I -XI), six of which were multi-accession clusters (Table 1) . These multi-accession clusters included accessions from different countries and states of India, irrespective of geographical distances. On the other hand, the accessions from the same country and state were included in different clusters. In the present study, the three standard accessions AG-21 (a fi eld selection from Barabanki, U.P.), AG-67 (a selection from the cross AG-24 x AG-21) and AG-114 (a selection from the interspecifi c cross of A. hybridus x A. hypochondriacus (AG-20) were included in three different clusters (IV, I and II). Thus, the clustering pattern was not related to geographical origin. Rather, the clustering pattern was re- lated to selection pressure, which played a large role in determining the genetic closeness/divergence among the accessions. Similar conclusions were made by Murty et al. (1965) , Murty and Arunachalm (1966) , Bhatt (1970) , Gaur et al. (1978) , Kumar (1977) , Narayan and Macfi eld (1976) and Yadav et al. (2007) , who suggested that selection may cause greater diversity than geographical distance.
In multivariate analysis following the D 2 technique, the major factors contributing to genetic divergence were grain yield per plant (48.0%), followed by panicles per plant (23.08%) and infl orescence length (11.69%). According to canonical analysis in Root 1 (Z 1 ), the important characteristics responsible for genetic divergence in the major axis of differentiation were grain yield per plant (0.7865) followed by panicles per plant (0.4645); and in Root 2 (Z 2 ) were panicles per plant (0.6184) followed by infl orescence length (0.3001). These results are in complete agreement with the characteristic contributions assessed by D 2 analysis. (Rao, 1952) .
Based on the seven characteristics, canonical analysis confi rmed the clustering pattern obtained by D 2 statistics. The compositions of the clusters and their respective dispositions remained almost the same (Figure 1) . The average inter-cluster values ranged from 6.51 to 29.60, while intra-cluster distances varied from 0.000 to 6.50. The average D 2 values within and between clusters revealed that intracluster divergence showed a maximum in cluster V (D 2 = 42.26), which included two accessions. The inter-cluster distance had a maximum between clusters IV and VII (876.45, Table 4), indicating a greater genetic divergence between the accessions belonging to these categories. The minimum inter-cluster difference was observed between clusters II and IX (42.40, Table  5 ), indicating that accessions of these clusters had a maximum number of common gene complexes.
Signifi cant differences among the means and variances for individual crosses (F 2 s) were found with respect to grain yield and four of its components, thus offering ample scope for selection for yield improvement. On the basis of mean, variance, heritability and genetic Table 3 . Classifi cation of ten top yielding plants for F 2 populations of amaranths (Amaranthus hypochondriacus) and ranking of their parents for fi ve economic traits advance for yield, fi ve crosses (AG-16xAG-21, AG-21xAG-24, AG-21xAG-30 AG-21xAG-45 and AG-21xAG-198) showed high breeding potential for advancement through pedigree breeding. Furthermore, analysis of the nature of the magnitude of transgressive segregation and mean performance of the top 10% yielding plants, revealed high breeding potential of some crosses, suggesting that selection for yield in F 2 and later generations would result in substantial improvement (Table 2) . Average positive transgressions in these crosses were high, ranging from 0.37 in AG-21xAG-24 to 0.88 in AG-21-xAG-30.
Signifi cant positive correlations among all parameters of variability and transgressive segregation were observed, except between the frequency of positive transgressive segregates and the mean of positive transgressive segregates (Table 5) . On the other hand, negative correlations of parental diversity were not signifi cant with all parameters, except with the mean of positive transgressive segregates. However, these negative associations with F 2 mean, frequency of positive transgressive segregates and mean of the top 10% plants were of moderate magnitude, suggesting that crosses among parents with wide diversity may not generate potential hybrids. Furthermore, the D 2 values between the parents of the fi ve potential crosses ranged from 905 in AG-21xAG-24 to 12067 in , and were considered to be moderate. Thus, it can be concluded that a cross has a higher potential when the parents are moderately diverse, rather than less or highly diverse (Chauhan and Singh, 1982, and Bandyopadhyay, 1984) .
The breeding potential of crosses in relation to parental performance was assessed by classifying the 26 accessions in Experiment I into high, medium and low on the basis of performance for yield and four of its components. The crosses were classifi ed as high x high, high x medium, high x low, medium x medium, medium x low and low x low combinations. The performances of the 10 top yielding F 2 s were examined in relation to combination of parental performance for each of the fi ve traits. It was observed that seven out of the 10 top yielding crosses (F 2 s) showed high x low combinations for yield; the remaining crosses were either high x medium or medium x low combinations (Table 4) . However, high x high, medium x medium and low x low combinations did not give crosses with high yield potential. When the parental combinations of these crosses were considered for all fi ve traits, it was found that 22 out of 50 crosses were either high x medium or medium x low, 19 high x low, and the remaining nine were of similar parental performance. Thus, the results indicated that high x medium and medium x low crosses are better than high x high, medium x medium, low x low and even high x low crosses for yield improvement. This supports the results obtained for parental divergence as measured by D 2 statistics.
From the results of the present study, it may be inferred that accessions with moderate genetic divergence, as measured by D 2 values or by per se performance with respect to yield and its components, are likely to produce potential crosses. Thus, while choosing parents in a hybridization program for yield improvement, assessment of yield performance and important yield components of the accessions may be considered as a simpler and more convenient method than complicated statistical analysis for measuring genetic divergence by D 2 statistics.
, las líneas se diferenciaron once grupos. Los Grupos I, II y III tuvieron siete, cuatro y tres líneas, respectivamente; los Grupos VII, VIII, IX y X solo tuvieron una línea cada uno. Las líneas en el Grupo V tuvo la mayor divergencia, seguido muy cerca por aquellas de los Grupos IV y I. La divergencia máxima y mínima se obtuvo entre los Grupos VIII y XI, y entre los Grupos II y VII, respectivamente. El padrón de agrupamiento no se relacionó con el origen geográfi co de las líneas. Al estudiar el padrón de segragación F 2 , ocho cruzamientos mostraron un alto potencial de diversidad genética, los que derivaron de 25 cruzamientos que comprometieron 10 padres distribuidos en seis Grupos.
Key words: Amaranto grano, Amaranthus hypochondriacus, estadística D 2 , diversidad genética. (Rao, 1952) . *, ** Signifi cant at p=0.05 and p=0.01, respectively.
